Molecular order and dynamics in planar lipid bilayers: effects of unsaturation and sterols.
Angle-resolved fluorescence depolarization experiments were carried out on 1,6-diphenyl-1,3,5-hexatriene (DPH) and 1-[4-(trimethylammonio)phenyl]-6-phenyl-1,3,5-hexatriene (TMA-DPH) molecules embedded in macroscopically oriented multilayers of saturated [dimyristoylphosphatidylcholine (DMPC)] and unsaturated [palmitoyloleoylphosphatidylcholine (POPC), dioleoylphosphatidylcholine (DOPC), dilineoylphosphatidylcholine (DLPC), plant digalactosyldiglyceride (DGDG)] lipids with and without cholesterol. In all the lipid systems studied the order parameter (P2) of TMA-DPH molecules was found to be higher than that for DPH. Considerations of the order parameter (P4), however, indicate that DPH molecules have a heterogeneous distribution in bilayers of unsaturated lipids, with a significant fraction of the molecules lying with their long axes parallel to the bilayer planes. Both the DPH and TMA-DPH molecules exhibit a decrease in the molecular order as well as a decrease in their rates of motion on increasing the unsaturation of the hydrocarbon chains. The addition of cholesterol tends to reverse this effect, with an increase in both the order and dynamics. Bilayers of DOPC, however, exhibit a somewhat different result. It is suggested that the discrepancies between these observations and findings with lipid vesicle systems simply reflect the effects of curvature on the behavior of the probe molecules. The results indicate that the concept of membrane fluidity must be used with great caution.